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• Ethics

• Efficiency 

• Public Health (Human Relevance)

• Legislation

Drivers for Change

Slide courtesy of W. Casey (NIEHS-NTP)



Toxicity Testing in the 21st Century: A Vision and a 
Strategy was published in 2007 and envisioned a future 
in which toxicology relied primarily on high-throughput 
in vitro assays and computational models based on 
human biology to evaluate potential adverse effects of 
chemical exposure. 

Exposure Science in the 21st Century: A Vision and a 
Strategy was published in 2012 and provided a vision that 
was hoped to inspire transformational changes in the 
breadth and depth of exposure assessment that would 
improve integration with and responsiveness to toxicology 
and epidemiology 



Committee Charge: 
• to provide recommendations on integrating new 

scientific approaches into risk-based evaluations 

Committee Sponsors: 
• US Environmental Protection Agency
• US Food and Drug Administration
• National Institutes of Health (NIEHS and NCATS)
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“Exposure scientists, toxicologists, epidemio-
logists, and other [subject matter experts] need 
to collaborate closely to ensure that the full 
potential of 21st century science is realized.”



Advances in Exposure Science

Environ Health Perspect. 2014 Aug; 122(8): 769–774.

•Remote sensing, personal 
sensors, and other 
sampling techniques 

•Computational exposure 
tools 

•Targeted and non-targeted 
analyses 

•–Omics technologies 

•Novel exposure matrices 
for life-span research 

•Physiologically based 
pharmacokinetic models 



Future Applications for Exposure Sciences
• Aligning exposures between test 

systems and humans

• Improving exposure assessment 
for epidemiological studies

• Exposure-based screening and 
priority-setting

• Identifying new chemical 
exposures for toxicity testing

• Predicting exposure to support 
registration and use of new 
chemicals

• Identifying, evaluating, and 
mitigating sources of exposure

• Assessing cumulative exposure 
and exposure to mixtures



Advances in Toxicology

In silico methods

In vitro methods

“Adverse Outcome 
Pathway”

vs
“Mechanism of Toxicity”

Technology advances 
[largely spurred by the 

human genome project] 
that enable more precise 

and higher throughput 
assays and methods



•Probing interactions with biological molecules. In vitro assays can probe 
chemical interactions with cells/molecules in low-, medium-, and high-
throughput formats. 

•Detecting cellular responses. Cell cultures can evaluate a number of 
cellular processes and responses that may be indicative on in vivo effects.

• Investigating effects at higher levels of biological organization. Advances 
in engineered 3-D models of tissues, which recapitulate at least some of 
the physiological responses that the tissue or organ exhibits in vivo.

•Predicting organism and population response. Genetically diverse rodent 
strains and human cell lines can be used to address questions related to 
inter-individual sensitivity to toxicants. 

Advances in Toxicology



New Tox Assays and Adverse Outcome Pathway: Cardiotoxicity

Slide courtesy of W. Chiu (TAMU)



• Accounting for metabolic 
capacity in assays. 

• Understanding and 
addressing other 
limitations of cell systems. 

• Addressing biological 
coverage.

• Applications is decision-
making beyond 
prioritization for in vivo 
animal tests.

Challenges with New Toxicology Methods



• Expansion of the interdisciplinary 
nature of the field.

• Increasing complexity of scientific 
inquiry.

• Emergence of new data sources 
and technologies for data 
generation.

• Advances in exposure 
characterization.

• Increasing demands to integrate 
new knowledge from basic, 
clinical, and population sciences. 

Advances in Epidemiology



• -Omics assays can generate 
extremely large datasets.

• Databases, robust statistical 
techniques, and standard 
approaches to describe data 
are needed. 

• Movement from fixed, specific 
cohorts to large cohorts 
enrolled from healthcare 
organizations that incorporate 
biospecimen banks and use 
healthcare records.

Challenges in Epidemiology



Priority-setting: Can be based on hazard, exposure, or risk. 

Assessment of mono-constituent chemicals: Can be included in 
traditional chemical hazard and dose-response assessments of various 
regulated substances, such as pesticides, drugs, and food additives. 

“Site-specific” assessments: Can involve selection of geographic sites or 
chemicals/mixtures at a contaminated site to evaluate. 

Assessment of new and complex chemistries: Can involve assessment of 
green chemistry, new and complex substances, and unexpected 
environmental degradation products of chemicals in commerce.

Using 21st Century Science in Decision-Making:
Defining the Areas of “Fit for Purpose” 



“Margin of safety”

Priority-setting



Assessment of mono-constituent chemicals



Assessment of mono-constituent chemicals



“Site-specific” assessments



The Future is Bright, Even Though…
• With the shift from observing apical responses to measuring molecular and 

pathway readouts there will be a greater role for mechanistic research.

• Bradford-Hill causal inference guidelines need to be modified for use with the 
new types of toxicology, exposure and epidemiology data. 

• The data that are being generated today can be used to help to address many 
of the risk-related tasks that agencies face. 

• Communicating the results of complex data analyses from the new types of 
toxicology, exposure and epidemiology studies is a major need. 

• Guided expert judgment should be used in the near term for integrating 
diverse data streams for drawing causal conclusions. 



Analogue Read-Across
Chemical-Biological Read-Across

Category Read-Across
Toxicology Priority Index (ToxPi)



High Production 

Volume Chemicals

“Chemical” Read-Across “Biological” Read Across

Structural Categorization/Grouping Toxicological Categorization/Grouping

Complex Substances / UVCBs

Category Read Across:

Not amenable to full 

chemical characterization

Batch-to-Batch 

Variability (same CAS)

Traditional Read Across Toxicological data-based read-across

Assessment of new and complex chemistries



Assessment of new and complex chemistries

Petroleum UVCBs Bioactivity data-enabled read-across in vitro models



Category Grouping of UVCBs: Bioactivity Profiles 

Green Chem. 2016 Aug; 18(16):4407-4419



Category Grouping of UVCBs: Bioactivity+P-Chem

Green Chem. 2016 Aug; 18(16):4407-4419



Feb 2014 (Version 1.3)
Section 4.3.1.3. 

Straight 
Run Gas 

Oils

Vacuum &
Hydrotr. 
Gas oils

Heavy 
Gas Oils

Anal Chem. 2016 Dec;88(24):12152-12160



Category Grouping of UVCBs: High-Dimensional IM-MS



Using New Methodologies for Better Understanding 
of the Health Impacts of Petroleum Substances

Novel analytical 
methods for 

compositional 
characterization

Novel cell-based 
assays for 
bioactivity
profiling

Novel molecular 
techniques for 

mechanistic data

Grouping 
and 

Read 
Across


